NisHIMURA (1962) -Fishing nets were found entangled with several specimens of Argonauta argo off Niigata in August 1961. Immense numbers of individuals were drifted to some seashores of the area, including Iwafune District and Niigata City in Niigata Prefecture, Uozu and Shin-Minato in Toyama Prefecture, etc. in the winter of 1961-62. SuzUKI (1963)-Nezugaseki, Juri-Zuka and Tobishima Island, all in Yamagata Prefecture. HoRIKAWA (1964) -Nagasaki; Goto Islands. HAsHIMOTO ( 1965 ) -Two specimens at Abashiri on the northeast cbast of Hokkaido in middle October 1964;  another specimen at Yoichi on the southwest coast of Hokkaido in the same autumn. IKEHARA (1965)-Many individuals in Ryotsu Bay of Sado Island in late November 1964 . KAMITA (1965 The localities of respective records are plotted on the map in Fig. 1 , which shows that Argonauta argo is found almost throughout the Japanese Islands from Ryukyu (Loo-Choo) northward to the northeast coast of Hokkaido. However, there is a marked difference in abundance between areas; evidently, the animal occurs much more frequently and abundantly along the Japan Sea coasts than along the Pacific coasts of the islands. Moreover, along the Japan Sea coasts, most of the occurrences are made in winter from November to January, as seen in the notes given above.
Such a pattern of occurrence is very similar to that known for some other oceanic tropical animals such as the leatherback turtle Dermochelys coriacea and the big-finned squid Thysanoteuthis rhombus (NISHIMURA 1964 (NISHIMURA , 1966 . Without doubt the northwest monsoon prevailing over the Japan Sea from late October to March and the southerly drift currents induced by it must be decidedly influential to the drift and stranding of Argonauta argo along the Japan Sea coast.
On the other hand, the female Argonauta is believed to be normally an inhabitant of the middle layer and come up to the surface only occasionally (KOBAYASHI 1954) . Then, for the realization of the noteworthy winter stranding of Argonauta along the Japan Sea coast, there must be another mechanism by which the animals are brought up to the sea surface to be directly affected by monsoon winds and surface drift currents.
During the season from autumn to spring in the Japan Sea, it is not rare to observe the formation of the so-called streaks on the sea surface under the wind blowing even when it is weak to moderate. The streaks are usually marked with gathered bubbles or floating Sargassum, or occasionally with dense plankton organisms such as Oikopleura ( cf. NISHIMURA 1960). It is explained that the streak formation is due to the systems of helical vortex pairs induced by wind in the surface layer of the sea (LANGMUIR 1938; WooococK 1944 WooococK , 1950 STOMMEL 1952) . Evidently, in the Japan Sea, such helical motions of the surface water will develop on a much prominent scale in the middle of winter, when the monsoon attains its peak and the water is chilled intensively from the surface 6 >; not infrequently the atmospheric temperature TERADA (1927) , it is estimated (SuzuKI 1951, pp. 190-191) that the helical vortices supposed by LANGMUIR (1938) to be formed in the Sargasso Sea under a mean condition will extend vertically to 25-50 m deep.
becomes lower than the surface water temperature by more than 10°-l5°C, and the wind of more than 20 knots continues to blow for a long time. Such conditions must be particularly favorable for the formation of a large-scale helical motion of the surface water. The female Argonauta may happen to go up near to the bottom of the helical vortex system by jetting water from the funnel (c£ YouNG 1959). They may be then trapped by the helical flow, carried to the converging boundary between the adjoining vortices, and brought up toward the surface by the ascending flow if the flow is strong enough over the sinking of the animal by gravity (Fig. 2, A-B) . It is possible, as pointed out by STOMMEL (1949) , that the animals may be gradually accumulated in and near the region of the ascending flow. The sea surface must naturally be rough in this season; then, it is very probable that some of the accumulated animals will happen to be exposed to the air on the sea surface and catch air inside the shell. Those animals can no longer sink by themselves nor can be carried down by the descending flow of the water because of a high buoyancy; they will remain on the sea surface, gathering along the convergence streaks (Fig. 2 , C-D-E). In such a process, the female Argonauta floating along the convergence lines will gradually increase in number, and will be driven south-or southeastward in a surprising speed by the monsoon wind and the surface drift current, eventually to be stranded on the west coast of Honshu Island in numbers (Fig. 2, F) .
On the Pacific side of Japan, on the other hand, the female Argonauta similarly brought up to the sea surface will be transported by the monsoon wind and drift current toward the oceanic central area but never be washed ashore in the winter season. The few records known from this area are mostly made in the warm season of the year.
Though the empty shells are found on the seashore most frequently, it is none the less not uncommon to find the shells harboring a living female which may sometimes be accompanied by a dwarf male. The empty shells in a perfect state found stranded might seemingly hold the live animals till a short time before, as it is suggested by KoBAYASHI (1954) that the fragile shell will be broken down in pieces sooner or later after it is evacuated.
Breeding Season
Rather few references are available as to the breeding of Argonauta argo. Lo BIANCO ( 1909) obtained eggs and embryos in various stages in May to October and young individuals in September to November near Naples. YouNG (1959) had again at Nap.les in July two chances of observing the egg laying of this animal in the aquarium. Nothing has, however, been reported as to the breeding in the Japanese waters.
From time to time egg clusters have been found inside the shell of Argonauta argo examined by myself or by some of my acquaintances; the clusters are hanging from the dorsal edge of the whorl. Records of such findin$'s made in the Japanese waters, however, are few as they are listed below:
I. Several living females caught off Niigata by mackerel purse-net in August 1961 were examined by myself and it was found that some of them were incubating. 2. A large number of amimals were washed ashore at K6do near Niigata in late November 1961, many individuals of which were found by myself being provided with eggs. 3. An incubating female was caught by set net at Takayama-misaki on the Japan Sea coast of Yamaguchi Prefecture in late-May 1962 (personal communication of June 10, 1962, from K. NAKANO). 4. Of many females collected in Ry6tsu Bay, Sado Island, in late November 1964, all individuals with the shell longer than 10 em were found with eggs in various developmental stages. Hatching out of larvae was also comfirmed (IKEHARA 1965). 5. Many females were stranded on the beach of Shingu near Fukuoka, northwest Kyushu, around the winter of 1964-65, of which the individuals with the shell higher than ca. 5 em were all provided with eggs in various developmental stages. Such incubating females were found in October through January (personal communication of Feb. 29, 1968, from 0. TABETA). 6. An ovigerous female was caught on the coast of Enmy6ji near Ogura, northewst Kyushu, in November 1966 (WAKITA 1967 Thus, the records of incubating females are distributed in January, February, May, August and October to December. Since the eggs of Argonauta are much smaller than in typical octopods, the incubation period is considered in all probability not to be so long; then, it seems very likely that the breeding season of this octopod extends almost the year round. Such an extended breeding season does not seem unusual for the pelagic, primarily warm-water animals like the present octopod. IKEHARA (1965) described a wide range of the shell length, 16-204 mm, on the specimens collected in Ryotsu Bay in late November 1964. It seems to me that all those individuals belong to the same year class and to different hatches in various seasons of the same year rather than to different year classes. It is quite doubtful that Argonauta lives more than a few years.
Although the ovigerous females are found rather frequently in the Japan Sea and its adjacent waters as mentioned above, it is rare to meet with young individuals of Argonauta argo there. In late August 1959, a young female, 12 mm in mantle length, was caught by surface tow of a large (Maruchi-type) plankton net, and in early November 1961, two more young females, respectively about 10 and 15 mm in mantle length, were collected in a similar way in the offshore waters of the Japan Sea (personal information of Feb. 8, 1968, from H. FuKATAKI;  for the exact localities, see the previously given list). 0. T ABET A informs in his personal letter of Feb. 29, 1968 , that some young females with the shelll5-20 mm high appear in late December to January on the beach of Shingu, northwest K yushu. IKEHARA's ( 1965) record of young individuals in Ryotsu Bay in November, one of which was as small as 16 mm in shell length, may be added here as another datum. Probably, most of these young individuals might have been produced in the waters south of the Japan Sea or in the southern part of the Japan Sea when the water temperature is still high enough in late summer to autumn. Of the larval octopods newly liberated in the Japan Sea, some may escape from this marginal sea to the Pacific through the Tsugaru Straits or to the East China Sea through the Tsushima Straits, but the majority remaining in the Japan Sea may very likely to unable to survive the severe winter condition there. Thus, the population of Argonauta argo found in the Japan Sea is considered to be allogenetic. Summary 1. The paper nautilus Argonauta argo is recorded from almost the entire coasts of Japan ranging from the Ryukyu Islands to northeast Hokkaido. May of these records are of the empty shells washed ashore, although living animals are by no means uncommon at least in certain districts.
2. Occurrences are much more frequent and in abundance along the Japan Sea coasts than along the Pacific coasts of the Japanese Islands. The maximal occurrence in the former is found in the season from November through January.
3. The northwest monsoon together with the helical vortex systems and drift currents induced by it m the surface layer are supposed responsible for the mass stranding of A. argo along the Japan Sea coasts in winter. The same conditions are, however, unfavorable for the stranding of this octopod on the Pacific coasts of Japan. 4. The breeding season seemingly extends for a very long period, perhaps throughout the year. However, it is hardly possible that the newly liberated larvae survive the winter and attain the adult stage in the Japan Sea. The population of Argonauta argo found in the Japan Sea is considered to be allogenetic and recruited there by warm ocean currents from the southerly waters in the Pacific.
